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DESCRIPTION 
PIEZOELECTRIC TRANSFORMER DRIVING APPARATUS 

Technical Field 

The present invention relates to a piezoelectric transformer driving apparatus which not only 
drives a load having no earth point and being balanced to the ground, but also detects a load current 
which flows into this load. 

Background Art 

As loads without an earth point, there are cold-cathode tube and so on, and it is necessary to 
adjust a voltage applied to such a load to be constant. In consequence, in order to detect a load 
current which flows into a load, an insulating component represented by a current transformer or a 
photocoupler is required. That is, it is necessary that a piezoelectric transformer driving apparatus 
keeps an insulating state to a load circuit without an earth point. 

Figure 4 is an explanatory diagram explaining current detection of a balanced output using a 
current transformer in a conventional example (patent document 1: Japanese Patent Laid-Open No. 
2001-85759). In Figure 4, reference numeral 101 denotes a signal source, reference numeral 102 
denotes a load, reference numeral 103 denotes a current transformer, and reference numeral 104 
denotes a resistor. One terminal of the signal source 101 is connected to one terminal of the load 
102, and the other terminal is connected to the other terminal of the load 102 through the current 
transformer 103. In addition, one terminal of a secondary side of the current transformer 103 is 
grounded. 

If a turn ratio of a primary side and a secondary side of the current transformer 103 is 1 :n, if a 
voltage of the resistor 104 connected to the secondary side is Vd, and if a load current which flows 
into the load 102 is Io, then the relation of the load current Io is expressed by the following formula 
1. 

Vd = R Io/n ... formula 1 

Hence, the load current Io is expressed by the following formula 2. 
Io = n- Vd/R . . . formula 2 
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In addition, in formulas 1 and 2, R is a value of the resistor 104. The load current Io is detected 
from formula 2. On the basis of the detected load current Io, a frequency and a voltage of an output 
of the signal source 101 are controlled, and a voltage applied to the load 102 is adjusted 
automatically. 

However, in the conventional example mentioned above, in order to keep an insulating state to 
the load 102, the current transformer 103 which is an insulating component is used. In addition, 
there are some which use a photocoupler instead of the current transformer 103. There is a 
problem that use of these insulating components results in an increase of component costs and 
manufacturing steps, and leads to a cost increase of a product. 

The present invention aims at providing a piezoelectric transformer driving apparatus which 
solves the above-mentioned problem, and not only drives a load balanced to the ground, but also 
makes insulating components, such as a current transformer and a photocoupler, unnecessary, and 
can detect a load current. 

Disclosure of the Invention 

In order to solve the problem, the present invention is a piezoelectric transformer driving 
apparatus characterized by comprising two driving parts which generate AC drive voltages, 
respectively, a first piezoelectric transformer which generates a high voltage AC from a drive voltage 
generated by one of the driving parts, and applies this AC to one terminal of a load, a second 
piezoelectric transformer which generates a high voltage AC with polarity reverse to the first 
piezoelectric transformer, from a drive voltage generated by the other driving part, and applies this 
AC to the other terminal of the load, and a detection part which is connected between the one of the 
driving parts and the other driving part, in which a load current flowing into the load flows, and 
which detects this load current. 

The present invention is characterized in that, in the above-mentioned piezoelectric 
transformer driving apparatus, the respective driving parts are secondary windings provided to 
primary windings of transformers, that the primary winding of one of the transformers and the 
primary winding of the other transformer are connected with each other in series, and that the first 
piezoelectric transformer is driven by an AC drive voltage generated by the secondary winding of 
the one of the transformers, and the second piezoelectric transformer is driven by a drive voltage 
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generated by the secondary winding of the other transformer. 

The present invention is characterized in that, in the above-mentioned piezoelectric 
transformer driving apparatus, the detection part has a first resistor connected with the secondary 
winding of the one of the transformers, and a second resistor which is connected with the 
secondary winding of the other transformer and is connected with the first resistor in series, and that 
a junction of the two resistors is grounded. 

The present invention is a piezoelectric transformer driving apparatus characterized by 
comprising two driving parts which generate AC drive voltages, respectively, a first piezoelectric 
transformer which generates a high voltage AC from a drive voltage generated by one of the driving 
parts, and applies this AC to one terminal of a load, a second piezoelectric transformer which 
generates a high voltage AC with polarity reverse to the first piezoelectric transformer, from a drive 
voltage generated by the other driving part, and applies this AC to the other terminal of the load, and 
a detection part which is connected with one of the driving parts and detects a load current which 
flows into the load, from a current which flows between this driving part and the ground. 

The present invention is characterized in that, in the above-mentioned piezoelectric 
transformer driving apparatus, the respective driving parts are secondary windings provided to 
primary windings of transformers, that the primary winding of one of the transformers and the 
primary winding of the other transformer are connected with each other in series, and that the first 
piezoelectric transformer is driven by an AC drive voltage generated by the secondary winding of 
the one of the transformers, and the second piezoelectric transformer is driven by a drive voltage 
generated by the secondary winding of the other transformer. 

The present invention is characterized in that, in the above-mentioned piezoelectric 
transformer driving apparatus, the detection part is a resistor, one terminal of which is connected 
with the secondary winding of one of the transformers, and the other terminal of which is grounded. 

According to the above-mentioned construction, a first piezoelectric transformer and a second 
piezoelectric transformer are driven by a first driving part and a second driving part respectively. 
Drive currents which drive the two piezoelectric transformers flow respectively in a circuit formed 
by the first piezoelectric transformer and the one driving part, and another circuit formed by a 
second piezoelectric transformer and the other driving part. On the other hand, since a load current 
which flows into the load flows in a circuit formed by the first piezoelectric transformer, the second 
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piezoelectric transformer, and the detection part, it is possible to separate the current which drives 
the two transformers, from the load current which flows into the load. 

Thereby, according to the present invention, since it is possible to separate the current which 
drives the two transformers, from the load current which flows into the load, it is possible to detect 
the load current surely and to make insulating components, such as a current transformer and a 
photocoupler, unnecessary. 

According to the present invention, since the driving parts are constructed of transformers and 
the detection part is constructed of two resistors, it is possible to make circuit structure simple. 

Brief Description of the Drawings 

Figure 1 is a fundamental block diagram showing a piezoelectric transformer driving 
apparatus according to a first embodiment of the present invention; 

Figure 2 is a fundamental block diagram showing a piezoelectric transformer driving 
apparatus according to a second embodiment of the present invention; 

Figure 3 is a fundamental block diagram showing a piezoelectric transformer driving 
apparatus according to a third embodiment of the present invention; and 

Figure 4 is an explanatory diagram explaining current detection of a balanced output 
according to a conventional example. 

Best Mode for Carrying Out the Invention 

Next, embodiments of the present invention will be explained. 

Figure 1 shows a piezoelectric transformer driving apparatus according to a first embodiment. 
In order to turn on a cold-cathode tube 201 as a load, the piezoelectric transformer driving apparatus 
in Figure 1 supplies a high voltage to the cold-cathode tube 201, and simultaneously, detects a load 
current i3 which flows in the cold-cathode tube 201. This piezoelectric transformer driving 
apparatus is constructed with transformers 1A and IB, piezoelectric transformers 2 and 3, and a 
detection part 4. 

The transformer 1 A is constructed with a primary winding 1 Ai and a secondary winding 1 A2, 
while the transformer IB is constructed with a primary winding lBi and a secondary winding IB2. 
The primary winding 1 Ai of the transformer 1 A and the primary winding lBi of the transformer IB 
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are connected in series. When a high-frequency alternating current is applied to the primary 
winding lAi and the primary winding lBi, the secondary winding IA2 and secondary winding IB2 
generate AC drive voltages, respectively. The secondary winding 1 A 2 applies an AC drive voltage 
to the piezoelectric transformer 2, and the secondary winding 1B 2 applies a drive voltage to the 
piezoelectric transformer 3. At this time, a drive current il flows into the secondary winding 1 A 2 , 
and a drive current i2 flows into the secondary winding 1B 2 . 

In addition, the detection part 4 is connected between the secondary winding 1A 2 of the 
transformer 1A and the secondary winding 1B 2 of the transformer IB. The detection part 4 is 
constructed with resistors 4 A and 4B connected in series. A junction of the resistor 4A and resistor 
4B is grounded. 

The piezoelectric transformer 2 comprises a piezoelectric plate 2 A, primary electrodes 2B and 
2C, and a secondary electrode 2D. When a high-frequency drive voltage is applied to the primary 
electrodes 2B and 2C from the secondary winding 1A 2 of the transformer 1A, the piezoelectric 
transformer 2 converts electrical energy into mechanical energy, and thereafter converts this 
mechanical energy into electrical energy to generate a high-frequency high voltage in the secondary 
electrode 2D. Similarly, the piezoelectric transformer 3 comprises a piezoelectric plate 3A, 
primary electrodes 3B and 3C, and a secondary electrode 3D. When a high-frequency drive 
voltage is applied to the primary electrodes 3B and 3C from the secondary winding 1B 2 of the 
transformer IB, the piezoelectric transformer 3 generates a high-frequency high voltage in the 
secondary electrode 3D in the same manner as the piezoelectric transformer 2. The cold-cathode 
tube 201 is connected to the secondary electrode 2D of the piezoelectric transformer 2, and to the 
secondary electrode 3D of the piezoelectric transformer 3. Hence, the high-frequency high 
voltages which the piezoelectric transformers 2 and 3 generate are applied to the cold-cathode tube 
201. 

Polarization has been performed in directions of arrows 2E and 3E in primary sides of the 
piezoelectric transformers 2 and 3, and polarization has been performed in directions of arrows 2F 
and 3F in the secondary sides. Therefore, when the voltages of the secondary windings 1 A 2 and 1B 2 
of the transformers 1 A and IB change in order of positive, then negative, the high-frequency voltage 
from the secondary electrode 2D of the piezoelectric transformer 2 changes in order of positive, then 
negative, while the high-frequency voltage from the secondary electrode 3D of the piezoelectric 
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transformer 3 changes in order of negative, then positive. Thus, the voltage from the piezoelectric 
transformer 2, and the voltage from the piezoelectric transformer 3 of polarity reverse to the 
piezoelectric transformer 2 are applied to the cold-cathode tube 201 . 

The high-frequency voltages from the piezoelectric transformers 2 and 3 light the 
cold-cathode tube 201 and the load current i3 flows into the cold-cathode tube 201. The load 
current i3 flows through the piezoelectric transformer 3, into the resistors 4B and 4 A of the detection 
part 4. Furthermore, it flows from the detection part 4 through the piezoelectric transformer 2 into 
the cold-cathode tube 201. Alternatively, the load current i3 flows into the reverse direction. At 
this time, the current il which drives the piezoelectric transformer 2 flows between the secondary 
winding IA2, and the primary electrodes 2B and 2C of the piezoelectric transformer 2, while the 
current i2 which drives the piezoelectric transformer 3 flows between the secondary winding 1B 2 
and the primary electrodes 3B and 3C of the piezoelectric transformer 3. Thus, only the load 
current i3 of the cold-cathode tube 201 flows in the detection part 4. In consequence, the detection 
part 4 can detect the load current i3 from a voltage drop of the resistors 4A and 4B generated by the 
load current i3. 

In this way, according to this embodiment, the cold-cathode tube 201 can be driven, while the 
insulating component, such as a current transformer or a photocoupler needed in conventional 
technology is made unnecessary, and the load current i3 flowing in the cold-cathode tube 201 can be 
detected. 

Figure 2 shows a piezoelectric transformer driving apparatus according to a second 
embodiment. In this piezoelectric transformer driving apparatus, the piezoelectric transformer 
driving apparatus in Figure 1 has been changed in the following manner. Namely, it is made to 
have such a structure that with the resistor 4B of the detection part 4 in Figure 1 being removed, a 
terminal of the resistor 4A is grounded. Also by a such structure, the detection part 4 can detect the 
load current i3 which flows in the cold-cathode tube 201 . 

In here, although the structure without the resistor 4B in Figure 1 is used in this embodiment, 
the load current i3 which flows in the cold-cathode tube 201 can be detected similarly also with a 
structure in which the resistor 4A of the detection part 4 in Figure 1 is removed and a terminal of the 
resistor 4B is grounded. 

Figure 3 shows a piezoelectric transformer driving apparatus according to a third embodiment 
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This piezoelectric transformer driving apparatus is constructed with transformers 11 and 12, 
piezoelectric transformers 2 and 3, a detection part 13, an error amplifier 14, an integrator 15, a V/F 
(voltage/frequency) converter 16, and an output circuit 17. In addition, in Figure 3, since what are 
given the same reference numerals as Figure 1 are the same, their descriptions will be omitted. 

The transformer 1 1 is constructed with a primary winding 1 1 A and a secondary winding 1 1 B. 
When a high-frequency alternating current is applied to the primary winding 11A, the secondary 
winding 11B generates an alternating current (AC) drive voltage. The secondary winding 11B 
applies the drive voltage to the piezoelectric transformer 2. Similarly, the transformer 12 is 
constructed with a primary winding 12A and a secondary winding 12B. When a high-frequency 
AC is applied to the primary winding 12 A, the secondary winding 12B generates an AC drive 
voltage. The secondary winding 12B applies the drive voltage to the piezoelectric transformer 3. 

The detection part 13 is constructed with resistors 13A and 13D, diodes 13B and 13E, and a 
capacitor 13C. The resistor 13A and resistor 13D are connected in series. A terminal of the 
resistor 13 A is connected to a middle point of the secondary winding 11B of the transformer 11, 
while a terminal of the resistor 13D is connected to a middle point of the secondary winding 12B of 
the transformer 12. Diodes 13B and 13E connected with their cathodes facing each other are 
connected between the terminal of the resistor 13A and the terminal of the resistor 13D. A 
capacitor 13C is connected between the junction of the diode 13B with diode 13E and the junction 
of the resistor 13A with resistor 13D. Furthermore, a junction of the diode 13B and diode 13E and 
a junction of the resistor 13A and resistor 13D are connected to the error amplifier 14. 

When a high-frequency voltage is applied to the cold-cathode tube 201, the load current i3 
flows. The load current i3 flows in order of the middle point of the secondary winding 12B of the 
transformer 12, the resistor 13D, the resistor 13 A, then the middle point of the transformer 11B of 
the transformer 1 1 , or flows in the reverse direction. When a voltage at the terminal of the resistor 
13A becomes higher than the one at the terminal of the resistor 13D, the current which passed 
through the diode 13B charges the capacitor 13C. Also, when a voltage at the terminal of the 
resistor 13D becomes higher than the one at the terminal of the resistor 13 A, the current which 
passed through the diode 13E charges the capacitor 13C. Thus, a voltage according to the load 
current i3 arises in the capacitor 1 3C. This voltage is applied to the error amplifier 1 4. 

The error amplifier 14 has a reference voltage internally, and amplifies the difference voltages 
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between the voltages of the capacitor 13C and this reference voltage. The integrator 15 integrates 
an output of the error amplifier 14. Then, a V/F converter 16 converts the voltages which the 
integrator 15 integrated, into AC control signals. Thus, the V/F converter 16 generates control 
signals at frequencies according to the load current i3. The output circuit 17 generates a 
high-frequency AC based on the control signals from the V/F converter 16, and applies this AC to 
the primary winding 1 1 A of the transformer 1 1 and to the primary winding 12A of the transformer 
12. In this way, feedback for preventing fluctuation in the load current i3 is formed by the 
detection part 13, the error amplifier 14, the integrator 15, and the V/F converter 16. 

In this way, according to this embodiment, similarly to the first embodiment, the cold-cathode 
tube 201 can be driven, while the insulating component, such as a current transformer or a 
photocoupler needed in conventional technology is made unnecessary, and the load current i3 
flowing in the cold-cathode tube 201 can be detected. In addition, according to this embodiment, 
since a high-frequency AC which the output circuit 17 outputs is adjusted according to the load 
current i3 detected in the detection part 13, it is possible to make the load current i3 constant. 

Industrial Applicability 

As mentioned above, a piezoelectric transformer driving apparatus according to the present 
invention is useful for driving a load which does not have an earth point and is balanced to the 
ground, while detecting a load current which flows into this load. 
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